ZOOLOGIA 27 (1): 7-12, February, 2010 monoculture and pine tree forest plantations have depleted the grassland areas as never before (MORO & CARMO 2007) . Second to the direct modification of the environment for profit, biological contamination in the form of invasion by exotic species is the greatest cause of environmental degradation (ZILLER & GALVÃO 2002) in the area. The native grasslands are particularly susceptible to the invasion of an exotic species of pines that have small seeds which are easily disseminated. Pines are found in dry grasslands, wet grasslands, hillsides, valley bottoms, and rock outcrops, environments that are largely favourable to pine seed germination (WEIRICH NETO & ROCHA 2007) .
Forest farming is an important economic activity in the municipality of Jaguariaíva, having the largest local impact (SANTOS 2007) . Reforestation with pines is an important source of insertion of forest fragments when compared to other types of monoculture around natural areas. As pines disperse by anemochory, the biological contamination of grassland areas is favoured. Given the need to preserve the remnant vegetation, studies on the wildfires that naturally occur in these environments are badly needed.
The scratch marking behavior of the giant anteater has a role in claw sharpening, foraging and gathering food, and in (K. KREUTZ pers. comm.) territorial and mating behaviors. SHAW et al. (1985) were the first to record trunk marking by the giant anteater in the Serra da Canastra National Park, Central Brazil, where they observed an individual scratching a tree trunk with the forelimbs. REDFORD (1985) reported that the giant anteater can climb trees to escape fires and YOUNG et al. (2003) observed that individuals of this species can climb not only trees, but also termite mounds and even walls. YOUNG et al. (2003) reported that termite mound scratches in the Serra da Canastra National Park were caused by anteaters climbing down the mound, rather than intentionally. K. KREUTZ (pers. comm.) , on the other hand, reported marks on the trunks of Acacia mangium Willd., 1806 and A. Auriculiformis A. Cunn. ex Benth., 1842 in plantations in Northern Brazil, providing the first data on anteater scratch marking behavior.
The present study evaluates the patterns of scratch marks made by anteaters on pine trees, and the influence of wildfires on tree scratching behavior.
MATERIAL AND METHODS
The present study was conducted in the municipality of Jaguariaíva (24°15'95"S, 49°42'34"W), which lies in the Campos Gerais grassland of the state of Paraná (Fig. 1) . The 8,000 ha area is an environmental mosaic composed of dry grasslands, wet grasslands, pastures, plantation areas, and Pinus spp. reforestation areas. For the evaluation of anteater scratch marks, we selected a section of ca 800 ha within the area mentioned above. The entire area is subjected to different environmental impacts, such as the destruction of natural environments for the establishment of grain and forest plantations, occasional wildfires, attacks by domestic dogs, and chemical pollution.
We collected data on pine scratch markings by the giant anteater between July 2007 and October 2008, as part of a broader Giant Anteater Monitoring Program. Only pine trees were surveyed because there were no other tree species in the area. We chose trees at random and recorded, for each tree Figure 1 . Location of the study area.
chosen, the height, diameter breast height (DBH), height of the first branch, and the presence/absence of scratches. The geographical location of the tree, substrate (dry grassland, wet grassland, and rock outcrop) and matrix (pasture or cultivated field) of the location were recorded as well, for later analysis. When scratches were present, we also recorded the total number of scratches, scratch direction, scratch length, and height of top scratch.
In addition to the trees dispersed throughout the landscape, we also surveyed pines that were planted in stands. We randomly selected tree rows from each stand and examined their component trees, including the trees in the borderline. Scratches were classified into two categories: horizontal and vertical. When making horizontal scratches, the anteater uses one forelimb to strike the trunk laterally while leaving the three remaining limbs on the ground (Fig. 1) ; vertical scratches, on the other hand, are produced when the anteater uses both forelimbs to scratch the trunk while standing on the hind limbs (Figs 2 and 3).
RESULTS
The first scratching behavior on a pine tree was recorded on June 30, 2007 at 4:48 PM. This vertical-scratch was caused by an adult male ("AM") tagged with a radio transmitter. The second scratching event, also a vertical scratch, was observed on October 15 th , 2007 at 5:13 p.m. The sex of the latter individual was not determined ("IA"). The third scratching event was observed on October 16 th , 2007 at 4:08 p.m, caused by "AM" striking the tree trunk sideways with the right forelimb.
After observing the first scratching event, we searched for other scratched trees in the study area. We recorded a total of 91 dispersed pine trees in the landscape (as explained above, these trees belong to an adventive species and thus represent biological contamination). Scratches were observed in 41.7% of them (n = 38). The pines located in stands (n = 73) in either matrix (culture field or wet grassland) or substrate (dry grassland or wet grassland) did not have scratches.
The numbers of non-scratched and scratched trees were not significantly different ( 2 = 4.1604, p > 0.05); however, these two tree groups presented some distinct characteristics, as shown in table I.
The scratched trees were taller in average and had higher DBH and first branch height than the non-scratched trees. Nevertheless, a comparison among scratched and non-scratched trees revealed significant differences only for DBH ( 2 = 12.911, p < 0.05) and first branch height ( 2 = 59.754, p < 0.05). The pine trees that had marks were dispersed in the landscape. The stand trees evaluated were 4.5 m (±1.45) tall, had average DBH of 27 cm (±9.97), and all presented branches at the base.
The numbers of horizontal and vertical scratches were also significantly different ( 2 = 29.432, p < 0.05), with vertical scratches being more numerous than horizontal ones (Tab. II).
The following characteristics were significantly different for trees with horizontal and vertical scratches: DBH ( 2 = 21.843, p < 0.05), first branch height ( 2 = 39.868, p < 0.05), and top scratch height ( 2 = 53.408, p < 0.05). Of the 91 trees evaluated, 54.9% were located in wet grassland substrates (n = 50), 40.6% in dry grassland (n = 37), and 4.4% on rock outcrops (n = 4). In dry and wet grasslands, 56.7 and 34% of the trees, respectively, were scratched (n = 21 and n = 17), while on rock outcrop areas, no scratches were observed. Regarding the matrix, 65.9% of the trees were close to cultivated fields (n = 60), 21.9% were close to pastures (n = 20), and 12.1% were close to roads (n = 4). Fifty-five percent of the trees in both pasture and cultivated fields were scratched. Pines alongside the roads, however, were not scratched.
In August 2008, a farmer slash burned an area of approximately 10 ha to clean the soil for planting. The pines in this area were evaluated before the wildfire (n = 31); 11 were scratched. Three weeks after the wildfire, the trees were evaluated again, and six (54%) of the 11 trees had been scratched again.
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Figures 2-3. Horizontal (2) and vertical (3) scratches on a pine trunk made by the giant anteater.
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DISCUSSION
Our results are in agreement with those reported by Kolja Kreutz (Department of animal ecology and tropical biology, University Würzburg, Germany, pers. comm.) for Acacia sp. on the large preference of the giant anteater for trees with larger trunk diameters. Despite this agreement, the scratches recorded on Acacia sp. were more numerous in denser stands, whereas the present study has found evidence of scratching events only on trees that were relatively isolated from each other.
The larger number of scratches on trees with higher first branches may be related to the scratching behavior itself. Scratches and other characteristic signs were always rather apparent. Branches at the base of the trunk may hide the scratches and render them less visible to other giant anteaters. The apparent visibility of the scratches suggests that they have a communication function. Many species of mammals select conspicuous sites (BOWYER et al. 1994 , ROBERTS 1997 ) that increase the likelihood that their marks will be found by target individuals. Because marking behaviors have high energy costs, they must be as efficient as possible. This may also explain the absence of scratches on trees in stands, because all of them had branches starting at the base. Another possible explanation for the absence of scratches on stand trees is that they would be less visible than the scratches made on landscapedispersed trees. Vertical scratches also more conspicuous than horizontal marks: they tend to be longer and stand higher up from the soil when compared with vertical marks.
In open areas, the absence of trees renders scratching impossible, and other signalling strategies may become necessary. According to F. MIRANDA (personal communication) , in addition to tree scratching, giant anteaters can also perform scent marking via urination. The habitat of the giant anteater is presently being investigated in order to ascertain the size of the home range and the patterns of habitat use by this species. These investigations may reveal a correlation between marking and the use of the habitat in the region. The marking behavior is thought to be used for communication between conspecifics whose home ranges overlap, and may be related to the mating season. Two of the marking events were performed by the male "AM", while the "IA" performed the marking in an area known to be used by "AM". "AM" was observed on September 13 th , 2007 close to another individual, supposedly a female, as the giant anteater has solitary habits and adults pair up only during the mating season (CABRERA & YEPES 1960) . According to K. KREUTZ (pers. comm.) this type of marking may result from greater intraspecific competition due to a high level of stress in agricultural areas. Even though the level of stress on the local population has not been investigated, it is expected to be very high because of the level of anthropic interference due to intense traffic of trucks and agricultural machines, the use of the area by domestic dogs, and the constant human presence.
Marking behavior has been reported for captive giant anteaters in Colombia, and may be a function of the stresses related to captivity. Males in the same enclosure marked the available trees but did so at distinct times Sol Angela O. Holguin and Carolina Casas (pers. comm. Fundação Buzco, Colombia) .
Wild, captured and caged giant anteaters may lose their claws due to intense scratching, as reported by José R. Pachaly (Instituto de Pesquisa Estudos e Ambiência Científica, Brazil, pers. comm.), who associates this behavior with the high levels of stress. The behavior of the giant anteater was studied in presence of fire in Central Brazil and it was observed that it is affected by the intensity and frequency of fire events, population size, or even the resiliency of the environments affected by the fire. Maria A. Drumond (Universidade Federal de Minas Gerais, Brazil, pers. comm.) reported that fires do not alter the food availability, diet, and foraging behavior of the giant anteater in the short-term; however, the build-up of combustible materials by fire suppression in some areas may set the stage for large fires that reduces potential shelters, as well as food availability. SILVEIRA et al. (1999) reported that the giant anteater is the large mammal most affected by wildfires as a consequence of the lethargy and long fur that characterize this species. This vulnerability can be devastating to small populations. The authors reported a total of 332 dead individuals after a fire at the Emas National Park, state of Goiás. The data gathered herein reflect the continued use of slash-burned areas by the species, which is confirmed by the marks made shortly after the fire. Even when the fire erases the old marks, some trees are marked anew, possibly because they are located within an individuals' home range.
It must be noted that the fire reported in this study was small and its effects cannot not be extrapolated to large fires or to areas with reduced anthropic interference. According to KOPROSKI et al. (2006) , the death of large animals is more common when the fires are large and spread fast, isolating them and preventing them from escaping, or when thick clouds of smoke are produced. Large fires that affect extensive areas are more oftenstrongly associated with high emigration rates in comparison to small fires in limited areas (LYON et al. 2000) .
